INTRODUCTION 1
the distal colon were obtained from mice fed adequate or deficient diets on days 12 and 3 17 post-infection. The colon sections were cut longitudinally, and pinned out flat with 4 the mucosal side up in a buffered formalin solution. After fixing, the sections were 5 paraffin embedded, sectioned (5µm), and stained with Giemsa. Sections were evaluated 6 for changes in the mucosa architecture and the presence of an inflammatory infiltrate 7 using a modification of a previously described scoring system (46). Sections were scored 8 for damage to the surface epithelial cells (0-4), edema (0-2), hemorrhage (0-2), crypt 9 dilation (0-1) and inflammatory infiltrate (0-3) and summed. Mucosa height was 10 measured using an Arcturus XT TM Microdissection System. Only well-oriented crypts 11
were measured and seven or more individual measurements were averaged for each 12
mouse. 13
Data analysis. Data in the table and figures were expressed as the mean ± SD or SEM. 14 Statistical analyses were performed using a t-test, one-way ANOVA, or two-way 15 ANOVA with post hoc analysis for multiple comparisons using the Holm-Sidak method 16 (SigmaPlot 11, Richmond, CA). Data were transformed, if necessary, to generate 17 normality and equal variance parameters, but a Mann-Whitney Rank Sum test was run 18 and the median value reported if this could not be achieved. A value of p<0.05 was 19 considered significant. 20 selenium-dependent enzyme sensitive to dietary selenium levels (29). Liver GPx activity 5 (mean ± SEM) was 801 ± 22 and 6.3 ± 0.4 mU/mg of protein in mice fed the selenium 6 adequate and deficient diets, respectively. Thus, selenium and vitamin E levels were 7
reduced by approximately 99 and 85%, respectively, in mice fed the double deficient diet. 8 Similar reductions in liver vitamin E concentration and GPx activity were observed in 9 mice fed diets deficient in vitamin E or selenium, respectively. 10 
11
Effect of diet and infection on growth. Mice fed the double deficient diet were within 12 4% of the weight of mice fed the control adequate diets after approximately 6 weeks on 13 the diet prior to infection (data not shown). Weights of mice on the control adequate 14 diets were not affected by infection with C. rodentium. Some mice on the double 15 deficient diet that were infected with C. rodentium exhibited weight loss ranging from [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] 24% between days 4 and 17. In addition, infected mice fed the double deficient diet had 17 soft or liquid stools compared to infected mice on the control adequate diets. 18 19 Double deficient, but not single deficient, diets increased C. rodentium colonization of 20 the colon. Colonization of the colon by C. rodentium, was assessed at days 7, 12, and 17 21 post-infection. On day 7 post-infection the colonic C. rodentium load was the same in 22 mice on both dietary regimens (Fig. 1A) . By day 12, however, mice fed the control 23 adequate diet had a slightly reduced C. rodentium load compared to day 7 that was 1 decreased substantially by day 17. In contrast, mice fed the double deficient diet had a 2 colonic C. rodentium load that was significantly higher on days 12 and 17 post-infection 3 compared to infected mice fed the control adequate diet (p<0.001). Mice fed diet 4 deficient in only selenium or vitamin E did not have increased C. rodentium colonization 5 (data not shown). Additional studies demonstrated that the infection is essentially cleared 6 in mice by day 20 regardless of the diet fed (data not shown). 7
8
Mice fed the double deficient diet had increased translocation of C. rodentium into 9 systemic compartments. Total viable bacteria in the spleen were enumerated to assess 10 whether a deficiency in selenium and vitamin E could alter epithelial barrier function 11 resulting in increased translocation of luminal bacteria. Colonization of the spleen was 12 observed on day 7 in infected mice fed both the control adequate and double deficient 13 diet but was not significantly different (Fig. 1B) . On day 12, and again on day 17, 14 splenic colonization was higher in infected mice fed the double deficient diet than in 15 infected mice on the control adequate diet. Data shown in Figure 1B is representative of 16 three experiments but colonization was more variable in other experiments and the trend 17 toward increased splenic colonization in double deficient mice did not always achieve 18 significance. Mice fed diet deficient in only selenium or vitamin E did not have 19 increased splenic colonization (data not shown). 20
The spleens from infected mice fed the double deficient diet were also enlarged 21 compared to infected mice fed the control adequate diet. The spleen to body weight ratio 22 of infected mice fed the control adequate diet ( Fig. 2A ) and mice fed diets deficient in 23 only selenium or vitamin E (data not shown) remained relatively constant from days 4 to 1 17, while the ratio increased in infected mice fed the double deficient diet with the 2 difference significant on days 12 and 17 after infection ( Fig. 2A) . Spleen size correlated 3 with increased cell counts on day 12 post-infection, indicating that more cells were 4 present in spleens from infected mice fed the double deficient diet (11.1±1.3 X 10 7 ) than 5 in spleens from uninfected mice fed control adequate (5.4±0.6 X 10 7 ) or deficient 6 (5.7±0.8 X 10 7 ) diet or in spleens from infected mice fed control adequate diet (7.7±1.2 X 7 10 7 ). 8
9
Infected mice fed a double deficient diet had increased colonic pathology. In 10 agreement with previously published results (57) , infection with C. rodentium produced a 11 hyper proliferative response in the colonic crypts that resulted in an increase in the 12 thickness and rigidity of the colon. There were no obvious visual differences at day 4 13 post-infection in colons from infected mice fed control adequate or double deficient diet, 14 but the colons from infected mice fed the double deficient diet became thicker, more 15 rigid, and had a higher percent colon/body weight ratio than those infected mice fed 16 control adequate diet as the infection progressed through day 17 (Fig. 2B ). This result 17 was further supported by an increase in the mucosal height in mice fed a double deficient 18 diet on day 17 after infection that paralleled the increase in the colon/body weight ratio 19 ( On day 12, infected mice fed control adequate diet displayed colonic hyperplasia, but the 5 epithelial cell border was largely intact with only a mild to moderate cellular infiltrate, 6
and goblet cells were plentiful with a large amount of mucus (Fig. 3C) . On day 17, 7 infected mice fed the control adequate diet still exhibited signs of hyperplasia, but the 8 cellular infiltrate was reduced, and both the epithelial cell border and mucus production 9
were intact (Fig. 3E ). Mice fed the double deficient diet, on day 12 after infection ( The gene for inducible nitric oxide synthase (NOS2) was up-regulated in colon by 4 infection with C. rodentium in mice fed either the control adequate or double deficient 5 diet (Table 1 ) but was more highly expressed in the latter. To evaluate whether there also 6 were systemic changes in nitric oxide production, total serum nitrite levels were 7 measured. Nitrite levels in uninfected mice fed either control adequate or the double 8 deficient diet were similar and not statistically different (Fig. 4 ). Infection caused a 9 significant increase in serum nitrite levels in mice fed the double deficient diet (p<0.001; 10 (Table 1) . Furthermore, with the exception of IL-12p40 16 and IL-22, the expression levels of these genes, as well as the chemokines CCL2 and 17 CXCL10, and NOS2 were significantly higher in infected mice fed the double deficient 18 diet compared to infected mice fed control adequate diet ( Table 1 ). The higher 19 chemokine expression after infection in mice fed the double deficient diet vs. control 20 adequate diet correlated with the increased cellular infiltrate (Fig. 3 ). Together these 21 results suggested that infected mice fed the double deficient diet had a more pro-22 inflammatory response to C. rodentium. 23
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Expression levels of several other non-immune genes were also determined 1 (Table 1) . Heme oxygenase 1 (HMOX1), whose expression is up-regulated by oxidative 2 stress [reviewed in (40) ], was induced by infection in mice fed either diet, but expression 3 was significantly higher in infected mice fed the double deficient diet. The expression 4 levels of two other antioxidant genes, glutathione peroxidase 1 (GPX1) and glutathione 5 peroxidase 2 (GPX2) were also determined ( Table 1) . Both enzymes contain 6 selenocysteine residues at their active sites and their enzymatic activity is sensitive to 7 dietary selenium levels (59) as is the stability of the message for GPX1 (41) . Consistent 8 with these results, GPX1 expression was significantly decreased in mice fed a double 9 deficient diet compared to mice fed the control adequate diet, and infection did not 10 induce expression in mice fed either diet. In contrast, and in agreement with others, 11 GPX2 expression was not affected by diet (25), but was significantly increased by 12 infection. 13 
14

DISCUSSION 15
Mice fed a diet deficient in both selenium and vitamin E had 99% less selenium-16 dependent GPX activity and 85% less vitamin E in their livers compared to mice on an 17 control adequate diet, and these mice had increased pathology in response to infection 18 with C. rodentium. In addition, mice fed the double deficient diet had higher colonic C. 
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Single deficiencies in selenium or vitamin E, however, did not result in increased 1 levels of C. rodentium in the colon or alter the tissue/body weight ratios as observed in 2 mice fed the double deficient diet. The reasons for this are unclear, but it is known that 3 vitamin E deficiency enhances the effects of a selenium deficiency (28) and, therefore, 4 the combined deficiency may produce a more dramatic effect than selenium deficiency 5 alone. The length of time mice were on deficient diet prior to infection (5-6 weeks), 6 while sufficient to deplete the selenocysteine-containing enzyme GPX1 that is known to 7 be very sensitive to dietary selenium levels, may not be sufficient to lower other selenium 8 pools within the host to a functionally critical level. Furthermore, the function of many 9 of the 25 known selenocysteine-containing proteins is poorly defined and any role in 10 protection against infectious colitis needs to be determined. The dose of C. rodentium 11 administered in our study was experimentally found to ensure a uniform infection in mice 12 on a control adequate diet, but a wider range of doses could produce different results in 13 mice fed deficient diets. Additional studies will be needed to determine if longer term 14 single selenium or vitamin E deficiency can produce results similar to those obtained 15 more rapidly with a double deficiency. 16 Increased bacterial translocation was associated with a large increase in the size of 17 spleens obtained from infected mice fed the double deficient diet at both days 12 and 17 18 and was associated with increased cellularity. Diet itself had no effect on spleen size or Of interest is the increased expression of GPX2 in response to infection in mice 21 on either the control adequate or double deficient diet ( Table 1) . Expression of GPX2 has 22 been shown to increase the response to initial colonization of the colon by commensal 23 bacteria (15) , and in three different models of experimental colitis (56). It was also shown 1 that trace amounts of GPX2 were protective against bacterial-induced ileocolitis (16) . 2
Further evidence suggested a role for GPX2 in growth and maintenance of epithelial cells 3 (24). Our results indicated that increased expression of GPX2 is also part of the host 4 response to bacterial pathogens. GPX2 gene expression was not affected by dietary 5 selenium levels, confirming previous results (25). Higher gene expression was seen in 6 mice fed the double deficient diet and correlated with the increased pathology, thus 7 providing further evidence that GPX2 acts as stress response protein. 8 Citrobacter rodentium is a potent inducer of a Th1/Th17-type response. The 9 increase in cytokine and chemokine expression in infected mice fed the double deficient 10 diet compared to the control adequate diet suggested that the deficiency resulted in a 11 greater pro-inflammatory response to infection that correlated with the increased colonic 12 pathology. NOS2 expression and serum nitrite levels were also elevated in mice fed the 13 double deficient diet. Nitric oxide has antimicrobial functions [reviewed in (17) 
